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Objective: To evaluate the postoperative pulmonary complications and the long-
term impact on pulmonary function of different surgical procedures with general
anaesthesia in chronic respiratory failure (CRF) patients who were using noninvasive
positive pressure ventilation (NPPV).
Design: We retrospectively studied 20 stable patients on NPPV for CRF secondary to:
kyphoscoliosis (eight), morbid obesity (six), thoracoplasty (four), neuromuscular
diseases (two), who underwent surgical procedures with general anaesthesia,
between January 1998 and December 2003.
Material and methods: The variables studied were: type of surgery, hours of
orotracheal intubation, hours of stay in the postsurgical reanimation unit (PRU),
postoperative pulmonary complications and days of hospital stay. These results were
compared with those obtained in patients without respiratory pathology and who
were submitted to the same type of surgical interventions during the study period.
All patients were tested for: arterial blood gases, forced vital capacity (FVC) and
forced expiratory volume in 1 s (FVE1). These tests were carried out both prior to
surgical intervention and 12 months after this intervention, and the use of medical
assistance resources the year prior to and the year after the surgical intervention
were also analysed.Elsevier Ltd. All rights reserved.
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Postoperative pulmonary complications in chronic ventilators 63Results: Sixteen patients were using NPPV at home at the time of the intervention
and four patients were adapted to NPPV before surgery. The surgical procedures
were: gastroplasty: six; mastectomy: five; septoplasty: three; hip prosthesis: two;
cholecystectomy: one; Gasserian ganglion thermocoagulation: one; hysterectomy:
one; and endoscopic retrograde cholangiopancreatography (ERCP): one. The mean
postoperative intubation time was 3.873.2 h, and only one patient remained
intubated for more than 12 h. The mean stay in the PRU was 1979 h (vs 1976 h in
the general population, p40:05). The days of hospital stay for the different
pathologies were in the majority of cases greater than in the general population. We
did not find significant differences on comparing the arterial blood gases, in
pulmonary function or in use of assistance resources between the year previous to
and the year following the surgical intervention.
Conclusions: In high-risk patients with chronic respiratory failure as a consequence
of a restrictive lung pathology, NPPV can play an important role to confront surgical
procedure with general anaesthesia with greater security. To obtain these results, it
was fundamental to coordinate between the Pulmonary Services and the Anaesthesia
Services as well as to follow up jointly in the PRU.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Long-term noninvasive positive pressure ventilation
(NPPV) has proven useful in treating restrictive
respiratory failure secondary to scoliosis, neuromus-
cular disease, thoracoplasty and Obesity Hypoventila-
tion Syndrome.1 Different studies have shown that
the application of this treatment improves gas
exchange, corrects nocturnal hypoventilation, im-
proves the quality of life, and increases survival in
patients with restrictive pathologies of the chest.2,3
In the last decade, the appearance of new types of
simpler and more accessible ventilators as well as of
different models of nasal masks has generalized the
use of NPPV, with the consequent increase in the
number of patients that follow this treatment. For
the clinical physician, this rise and the increase in
survival create the same problems of assistance as
those found in other patients who do not use
mechanical ventilation at home. One of these
problems is the indication of elective surgery with
general anaesthesia. General anaesthesia and some
types of surgical interventions that affect the
abdominal or thoracic musculature have a very
negative effect on pulmonary mechanics, altering
the exchange of gases and favouring the appearance
of respiratory complications in the immediate post-
operative period.4 This situation has classically
conditioned the decision to consider interventions
with general anaesthesia as high risk in patients with
restrictive lung pathology and chronic respiratory
insufficiency. However, some authors have suggested
that NPPV could prevent respiratory complications in
the postoperative period of bariatric surgery (abdom-
inal) by improving lung function parameters.5,6The aim of our study was to evaluate the
immediate postoperative pulmonary complications
and the long-term impact on pulmonary function of
surgical procedures with general anaesthesia in




We retrospectively studied CRF patients in stable
phase and being treated with NPPV who underwent
a surgical intervention that required general
anaesthesia between January 1998 and December
2003. During this period of time 20 patients were
evaluated. The diagnoses of these patients were as
follows: kyphoscoliosis ðn ¼ 8Þ, morbid obesity
ðn ¼ 6Þ, thoracoplasty ðn ¼ 4Þ and neuromuscular
disease ðn ¼ 2Þ.
NPPV
Two different situations were considered in regard
to the use of NPPV: (1) patients who had already
been using NPPV at home and (2) cases where the
preoperative evaluation detected a respiratory
insufficiency and NPPV was installed prior to the
surgical intervention to stabilize the patient and
facilitate the adaptation to postoperative ventila-
tion as well as to be able to foresee and prepare for
postsurgical complications. In the first case, the
same model of ventilator that the patients were
using at home was maintained. In the second
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with a Bi-level positive airway pressure system
(BIPAP , Respironicss).Variables studied
Characteristics of NPPV, type of surgery carried
out, hours of orotracheal intubation after surgery,
hours of stay in the postsurgical reanimation unit
(PRU), postsurgical respiratory complications and
days of hospital stay were the variables studied.
These results were compared with those of the
patients without respiratory pathology who under-
went the same type of surgical interventions in our
hospital during the study period. Other variables
studied in the patients included the situation
regarding gas exchange, the functional factors, and
the use of assistance resources (ward visits and
hospital admissions due to respiratory problems) both
prior to the surgical intervention and one year after
it. These data were obtained in the periodic out-
patients clinic visits that were carried out every three





















Gasserian ganglion thermo-coagulation Th
aNPPV was started prior to the surgical procedure.
bEndoscopic retrograde cholangiopancreatography to relieve aStatistical analysis
The variables have been expressed as relative
frequencies for the qualitative variables and as
mean7SD for the quantitative variables. Statistical
comparisons were made using the Wilcoxon test for
nonparametric variables. The results were consid-
ered to be statistically significant if po0:05.Results
Patients
We studied 20 patients with an average age of
5274 years, 35% of whom were men. The arterial
blood gases and the lung functions were as follows:
PaO2 68710mmHg, PaCO2 5079mmHg, FVC
(% predicted) 3975 and FEV1 (% predicted)
3578. At the time of indication of the surgery, 16
patients had been using NPPV for around 40744
months. The average number of hours of ventila-
tion was 1279 h/day. In the remaining four cases,
adaptation to NPPV was made prior to the surgicalPPV time previous to surgery.
gnosis NPPV time (months)
esity 24
esity 1













ingomielia Adaptation to NPPVa
phoscoliosis 2
otonic dystrophy Adaptation to NPPVa
oracoplasty 108
oracoplasty 60
bile ducts obstruction by gallstones.
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intervention, the diagnoses of the patients, and the
previous ventilation time of each patient.NPPV
The type of ventilator the patients used was
volumetric in 12 cases, and Bi-level positive airway
pressure system (BIPAP, Respironicss) in eight cases.
In those cases where NPPV was initiated prior to the
surgery through adaptation to ventilation, this was
done after admission to the hospital several days
prior to the surgery. The mode of ventilation was
assisted controlled, and the ventilation parameters
used were the following: (1) volumetric ventilators:
flow volume 680770ml, respiratory frequency
2074 per minute; (2) BIPAP: IPAP 1573 cm H2O,
EPAP 472 H2O and respiratory frequency 1674 per
minute. Only one patient used a face mask, and the
remainder of the patients used a nasal mask. In all
cases adaptation to NPPV and ventilation efficiency
were checked prior to the surgery. In the case of the
patients that underwent a septoplasty operation,
when postoperative nasal closure was required,
adaptation to ventilation via a simple mouthpiece
was necessary. Both the evaluation and the adapta-
tion to NPPV in those cases where it was necessary
were carried out by a pulmonology team specializing
in NPPV. The postsurgical follow-up was done jointly
with the hospital’s PRU working under the super-
vision of anaesthesiologists.Postoperative pulmonary complications
Stay in the post-surgical reanimation unit
Once the surgery had been performed, the patients










Gasserian ganglion thermo-coagulation 8
Patients with CRF ðn ¼ 20Þ. Patients without CRF ðn ¼ 6434Þ.
aWilcoxon test.
bStatistical comparison between the two groups was not doneand spontaneous respiration were established. The
average time of post-intervention intubation was
3.873.2h, and only one patient remained intubated
for more than 12h (for atelectatic lung). The average
time of stay in the PRU was 1979h (with no
differences found in the stay of patients who were
not suffering from CRF, which is 1976h). According
to the needs of the patients, NPPV was established
either immediately or else about 2h after extuba-
tion. The only complications referred were one
patient with segmentary lung atelectasis, who
required maintenance of the intubation and mechan-
ical ventilation until the atelectasis was resolved, and
one other patient with self-limited hemoptoic ex-
pectoration. Re-intubation because of respiratory
failure was not necessary in any of the cases.
Hospital stay
The days spent in the hospital according to the
different types of surgical interventions were in
some cases longer than those of the general
population without respiratory pathology (Table 2).
In the patients who underwent a septoplasty
operation there is a greater difference with respect
to the general population (873NPPV vs 1.3571.2
general population), due to the fact that in the first
days after the operation it was not possible to use
NPPV nasally because of the nasal plug. In our study
the other type of intervention in which the average
stay was much longer than the average of the
general population was the implantation of a hip
prosthesis. In this case, one of the two patients who
underwent the operation presented an infection in
the surgical wound which was the cause of the
extended hospitalization. However, those patients
who had a gastroplasty and were using NPPV
presented an average hospital stay significantly














as only one patient was in the CRF group.
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Follow-up
The majority of the patients with chronic ventila-
tion continued with this treatment after the
surgical intervention, with the exception of four
patients with morbid obesity who underwent
bariatric surgery and could be withdrawn from
NPPV after losing weight and correcting their
respiratory insufficiency. Of the four cases in
which ventilation was begun in the days prior to
the surgery, only one patient was able to be
withdrawn from NPPV after successive controls
showed the correction in the gas exchange and
stabilization.
We did not observe significant differences in terms
of the arterial blood gases data or in the lung
functions prior to the intervention or 1 year later
with the exception of patients who undergoing
bariatric surgery. In this group we observed an
improvement in blood gases after the surgical
procedure as can be seen from the data in Table 3.
Additionally, the use of medical assistance resources
referred and medical visits and hospital admissions
due to respiratory problems were not higher in the
year after the surgery. Thus, the number of out-
patients clinic visits was 2.272 the previous year and
3.472 the following year ðp ¼ 0:44Þ, while the
number of admissions was 3.676 the previous
year and 172 the year after the surgery ðp ¼ 0:07Þ
(Table 4).Table 3 Lung function.
Bariatric surgery ðn ¼ 6Þ
Year before surgery Year after
PaO2 mmHg 6679 7878

PaCO2 mmHg 4675 4172

FVC predicted, % 7179 7679
FEV1 predicted, % 62710 7072
po0:05 Wilcoxon test.




Days in hospital 3.676.8
p Wilcoxon test.Discussion
NPPV makes it possible to plan with greater
security surgical interventions that require general
anaesthesia in patients with CRF due to restrictive
lung diseases and severe alteration of respiratory
mechanics.
The negative effect of general anaesthesia on
lung mechanics, gas exchange, and respiratory
centre drive is well known. The persistence of
these effects in the postoperative period can make
extubation difficult or else precipitate the appear-
ance of respiratory failure.7 Moreover, depending
on the type of surgery performed, the risk of the
appearance of complications during the postopera-
tive period can increase. This risk is due to the
severe alteration these procedures exert on lung
mechanics. Parameters like functional residual
capacity (FRC) decrease after a lower abdominal
surgery by around 10–15%. After upper abdominal
surgery the decrease is around 30%, and after a
thoracotomy around 35%.8 In this context, diseases
that are already known to alter lung mechanics,
such as kyphoscoliosis or morbid obesity, may
represent a very high risk for this type of interven-
tions, and in some cases constitute a counter-
indication because of the cardio-respiratory
complications.
Different studies have analysed COPD as an
important risk factor for postoperative complica-
tions; however, there are no data on restrictiveNonbariatric surgery ðn ¼ 14Þ










Postoperative pulmonary complications in chronic ventilators 67lung disease. Hence, many of the criteria used to
evaluate surgical risk are extrapolated from the
results in patients with COPD.9 Classically, a
decrease of the FEV1 or of the FVC below 70% is
understood to suggest an increase in the risk of
pulmonary complications. But in various studies10,11
it has been shown that the patient’s clinical
situation at the time of the surgery is more
important than the lung function parameters.
Smetana8 questions the level of PaCO2445mmHg
as a critical threshold to predict the appearance of
complications, since patients in a stable clinical
situation and with higher PaCO2 levels have not
presented postoperative complications. In our
study, all the patients presented a restrictive lung
pathology with a severe affect on lung mechanics
(FEV1 3975% predicted) and an average PaCO2 of
5079mmHg, values considered as high risk for the
appearance of complications after surgery.
The application of NPPV has been used in the
postoperative period with morbid obesity patients
who were undergoing a bariatric surgery.5,6 Joris
et al.6 compare three groups of treatments: BIPAP
8/4 (IPAP 8 cmH2O and EPAP 4 cmH2O), BIPAP 12/4
(IPAP 12 cmH2O and EPAP 4 cmH2O) and oxygen
therapy with nasal mask in the immediate post-
operative period for gastroplasty in obese patients.
The authors conclude that the prophylactic use of
BIPAP at a level of 12/4 during the first 24 h of the
postoperative period would decrease pulmonary
dysfunction and hypothetically could prevent pul-
monary complications. To a certain extent, our
results support these conclusions, since the pa-
tients undergoing gastroplasty and using NPPV were
hospitalized for fewer days than the rest of the
patients. In our study, six patients underwent a
bariatric surgery, five of them using NPPV, and in
one case with NPPV installed prior to the surgical
intervention. In all the cases, BIPAP was used,
although the average level of IPAP used was higher
than in the study by Joris et al.6
There are few studies in the literature that
evaluate the use of NPPV in patients with restric-
tive lung pathology who undergo interventions with
general anaesthesia. The study by Langevin
et al.,12 with a patient profile and surgical
procedures very similar to those of the present
article, reports very similar results. Those authors
found no deterioration in the gas exchange levels in
the immediate postoperative period, and only one
patient required re-intubation. Doherty et al.13
used NPPV during the postoperative period of
corrective surgery for kyphoscoliosis in two pa-
tients who presented hypercapnic respiratory fail-
ure, thus avoiding the need for invasive mechanical
ventilation.In our study, we did not observe in the restrictive
pathology population a greater number of compli-
cations in the postoperative period than those
presented by the population without this pathology
and who also underwent the same surgical inter-
ventions. The postoperative intubation time and
the length of stay in the PRU were similar to those
of the general population. In some cases, the
average length of stay at the hospital for pathol-
ogies was greater due to the need for previous
adaptation to mechanical ventilation and in situa-
tions where the surgical operation itself, e.g.,
septoplasty, impeded NPPV. In this type of inter-
ventions, and owing to the impossibility of using the
nasal pathway in the immediate postoperative
period, the patients were instructed in the use of
mechanical ventilation via a simple mouthpiece,
which they used until they were able to return to
the nasal pathway. In other cases, the hospital stay
was prolonged due to complications such as
infection of the surgical wound.
One fundamental factor that can influence the
good results obtained is the strict collaboration
between the PRU and the pulmonology team
carrying out the NPPV. As has already been
described, in the application of NPPV in acute
respiratory insufficiency,14 the existence of teams
trained and motivated in NPPV helps to foresee the
problems that may arise in the postoperative period
for patients with respiratory insufficiency due to
respiratory pump failure. Therefore, the patients
remained in the PRU for a maximum of 24h and in no
case was re-intubation necessary. Another factor
which we believe exerted a positive influence is the
previous adaptation of NPPV in those patients who
were not using that treatment. In the study by Ebeo
et al.,5 28% of the patients in the BIPAP group did not
tolerate this treatment. In our work, in no case did
an abandonment of the treatment occur, and the
patients tolerated the BIPAP well in spite of using
higher inspiratory pressures.
While the expected risk of presenting respiratory
complications is most important in the postopera-
tive period, since in this phase the negative factors
of the general anaesthesia and of the surgical
intervention on lung mechanics would be added
together, this type of interventions did not repre-
sent a worsening in lung function or gas exchange in
the medium term. The follow-up carried out for 1
year made it possible to see that the patients
remained stable without increasing the use of
assistance resources due to respiratory pathology.
Finally, we consider that in spite of the reticence
on the part of many professionals to perform surgical
procedures in patients with chronic respiratory
failure due to the severe respiratory depression that
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study shows that NPPV can confront this type of
interventions with greater security. For this, what is
fundamental in addition to the patient’s stability is
close co-ordination between teams specialized in
NPPV and the PRU personnel, the two main teams
responsible for the patient’s care. Patients with
restrictive disorders who need elective surgical
procedures should be referred to tertiary centres
with experience in the management of NPPV and
possibility to offer a coordinated care.Acknowledgements
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